We compute the lifetime of a fermion propagating in a chiral plasma when there is an imbalance between the densities of left-and right-handed fermions. In the ultradegenerate limit, for very high energies the lifetime of this external fermion approaches a constant value. Closer to the two Fermi surfaces, however, we find that the lifetime depends on both the energy and the chirality of the fermion, being higher for the predominant chirality. This comes out as a result of its scattering with the particles of the plasma, mediated by the exchange of Landau damped photons. In particular, we find that the chiral imbalance is responsible for a different propagation of the left and right circular polarised transverse modes of the photon, and that a chiral fermion interacts differently with these two transverse modes. Our computation also shows that at vanishing temperature there is no chiral plasma instability, and we argue that spontaneous radiation of energetic fermions is kinematically forbidden.
INTRODUCTION
The study of chiral matter characterized by different densities of right-handed and left-handed massless fermions has received increasing attention in last years. This is due to its wide range of applications, from the description of the quark-gluon plasma produced in relativistic heavy ion collisions to the so-called Weyl and Dirac semi-metals in condensed matter physics, as well as its potential relevance for cosmological and astrophysical scenarios [1] [2] [3] [4] [5] . Systems of this type exhibit a number of unique features of extreme interest. Novel transport phenomena associated with the quantum chiral anomaly are manifested at a macroscopic level [6] [7] [8] [9] . Further, the breaking of parity P and CP , where C stands for charge conjugation, has also a clear effect on the quasiparticles and collective modes propagating in the plasma.
In this Letter we focus our attention on the lifetime of a fermion propagating in chiral matter. As one might expect, this lifetime will depend on the chirality of the fermion itself. The fermion scatters with the particles in the plasma, subject to the Pauli blocking effects, which are different depending on its chirality. But it is also important to note that the chiral imbalance affects the photon mediated interactions, by making that left and right handed circular polarized transverse photon modes propagate differently than in a medium without chiral imbalance. Our explicit computation also shows that a chiral fermion interacts differently with the two circular polarized photons, a novel effect that, to the best of our knowledge, has never been discussed in the literature.
Our investigation also allows us to comment on recent claims that in the presence of chiral imbalance a plasma instability would tend to reduce it [10] and that energetic fermions traversing chiral matter experience spontaneous radiation [11] . In particular, we find that spontaneous radiation is kinematically forbidden, and that at vanishing temperature the chiral imbalance remains stable.
For the computation of the damping rate, which is proportional to the inverse of the fermion lifetime, we show how to extend the resummation methods developed for the study of QCD and QED relativistic plasmas [12, 13] to systems with chiral imbalance. Without chiral imbalance, the damping rate remains infrared divergent at finite temperature even after taking account screening corrections of the electromagnetic interactions, and only the non-perturbative approach of Ref. [14] leads to a nonexponential fermion decay law. For T = 0 and high density the damping rate is instead finite, and the relativistic Fermi sea is found to be stable [15] [16] [17] . The magnetic unscreened interaction nevertheless leads to a non-Fermi liquid behavior of the relativistic plasma [16, 18] .
Let us consider an energetic fermion crossing a chiral QED plasma characterized by having different chemical potentials associated with left-handed and right-handed populations of fermions, µ L = µ R . We introduce a chiral chemical potential, defined as µ 5 = 1 2 (µ R − µ L ), to quantify this imbalance, and assume it without loss of generality to be positive. We also consider the presence of a vectorial chemical potential µ V > µ 5 , so that µ R/L = µ V ± µ 5 are both positive. We use natural units ( = c = k B = 1) throughout, and we denote by e the 
QED coupling constant.
The damping rate is obtained from the imaginary part of the retarded fermion self-energy Σ evaluated on-shell. As anticipated, in a chiral medium this quantity depends on its chirality χ, and it can be expressed as
(1) where P χ = 1 2 (1 + χγ 5 ) are the chiral projectors, with the assignment χ = ±1 for right/left-handed fermions, respectively.
The computation of the fermion self-energy ( Fig.1, left) can be carried out, e.g., in the imaginary time formalism of thermal field theory and then analytically continued to Minkowski space. It is the same sort of computation as the one carried out in Refs. [15, 16] , although the presence of a chiral imbalance leads to an asymmetry between the left and right-handed components of the fermion selfenergy. Aside from the direct effect on the fermion propagator due to the presence of two Fermi surfaces (right and left), chiral imbalance also affects the photon propagator entering in the one-loop fermion self-energy due to the breaking of P and CP [19] . It is known that the leading contribution to the damping rate when the fermion energy E is large comes from values of the momenta which are soft, or of the order of Debye mass [14] [15] [16] , and thus resummed hard thermal/dense loop propagators have to be used [13] . In a chiral plasma we see that the two transverse photon propagators split. In Coulomb gauge and working in the medium rest frame (we ignore gauge dependent pieces here, as they do not contribute to the imaginary part of the fermion self-energy) the photon propagator can be written as [19] 
where q = |q| and h = ± labels the two circular polarised transverse photon states, left and right, and we introduced the projectors
The resummed longitudinal and transverse propagators read, with the usual prescription q 0 → q 0 ±iη for retarded and advanced quantities, respectively,
where Π L/T (q 0 , q) stand for the longitudinal/transverse part of the hard thermal/dense loop photon polarization tensor [15, 16] , respectively, while
can be viewed as the anomalous hard dense loop contribution [10, 20, 21] . The damping rate can be finally expressed as
, f andf are Bose-Einstein and Fermi-Dirac distribution functions (β = 1/T ), respectively
and we have given our expression in terms of fermion and photon spectral functions, which are given by
The spectral functions for the resummed photon propagators for µ 5 = 0 can be found in [13] (see also [16] ), and we now generalize them for the case when there is chiral imbalance. They contain both a pole part and a cut part, ρ = ρ pole + ρ cut , the former being only nonvanishing above the light-cone, while the latter (associated with Landau damping) being non-vanishing only for space-like momenta. The longitudinal spectral function is the same as in a chiral symmetric plasma, while for the transverse modes (h = ±) one finds The
which is the dispersion law (without the imaginary term) used in Ref. [11] . Our computations show that this is only valid for space-like momenta 1 , so that it cannot lead to processes with spontaneous radiation. Let us stress that the low-energy theory used in Ref. [11] to describe chiral matter is only strictly valid in the static limit, see also [20, 21] .
In the imaginary part of the fermion self-energy, it is only the Landau damping part of the spectral function ρ h T,cut (q 0 , q) that contributes, as the kinematical constraints force the photon momentum to be space-like (q
measures the chiral imbalance,
is the Debye mass squared. Eq. (6) essentially gives account of scattering (see Fig.1,right) and/or annihilation processes of the external fermion with the particles of the medium, through the exchange of photons.
In the following we will focus on the study of the ultradegenerate limit and set T = 0, as in this case the imaginary part of the fermion self-energy is finite, after taking account the resummation in the photon propagators. While at finite T both fermion-fermion scattering and fermion-antifermion annihilation processes contribute to the damping, at T = 0 only the first process is possible. Let us first concentrate on the value of the damping rate when the photon momentum is soft (that is, of the order of the Debye mass) and introduce an intermediate cutoff q * , such that m D q * m D /e. We also assume that E ≥ µ L , µ R . Then, expanding |k| = E 1 − 2q cos θ/E + q 2 /E 2 up to order 1/E one reaches to
where we have kept terms up to order 1/E. For µ 5 = 0, the leading term gives the same result obtained in Ref. [15] as then µ R = µ L , and also ρ
In presence of chiral asymmetry the leading term in the energy expansion however still depends on the chirality of the fermion involved, both through the Pauli blocking effects encoded in µ χ and the µ 5 dependence in the transverse photon spectral functions. At this point we may already notice upon inspecting Eq. (15) that at the Fermi surface, E = µ χ , the damping rate vanishes. At zero temperature the Fermi surface is thus found to be stable even in presence of a chiral imbalance. Of particular interest is the last term of Eq. (15) , which shows that a fermion of definite chirality interacts differently with the transverse photons depending on their polarization. While this effect is of order 1/E, it provides a qualitative new feature which may play an important role in chiral plasmas, and deserves to be better explored. It is possible to derive the associated different 1/E vertices of these couplings in a systematic way using the On-Shell Effective Field Theory (OSEFT) proposed in [22] .
Plugging the explicit values of the photon spectral functions in Eq. (15), we arrive at
where the domain of integration is
The hard contribution to the damping rate can be estimated from Eq. (15) using free or unresummed propagators (that is, setting m D = C = 0 in the spectral functions) and taking into account that the momentum transfer should obey q > q * , and q < q max = 2E, where q max is the maximum momentum transfer allowed by the kinematics. When extracting the leading contribution close to the Fermi surface, we find the same leading behavior as in chiral symmetric matter [15, 17, 23] , namely
As a by-product we can say that non-Fermi liquid behaviour is then expected for the two chiral fermion populations. Since we're working with µ 5 > 0 the density of right-handed fermions is larger than the left-handed ones. The existence of two different Fermi surfaces leads to different values of the fermion lifetime τ χ = 1/2γ χ depending on its chirality. In Fig.2 we show the result of the numerical integration of Eq. (15) for left-and righthanded fermions for two fixed values of the ratio µ 5 /µ V . The damping is zero at their respective Fermi surfaces (E = µ R,L ) , showing again that the Fermi sea is stable, then grows with the energy and approaches the same limit for both chiralities. For a fixed value of the energy the value of the damping for left-handed fermions is always larger, indicating that for µ 5 > 0 right-handed fermions have a longer lifetime compared to the lefthanded ones. The inclusion of 1/E effects provides a visible effect as we move away from the Fermi surface: more specifically, for a positive µ 5 the damping rate for a left-handed fermion increases more slowly with energy than its right-handed counterpart. While being subleading, this effect becomes stronger as µ 5 increases, as can be seen from the figure.
In summary, we computed the damping rate of a fermion in a chiral plasma by taking into account effects of the chiral imbalance both in the fermion and the resummed photon propagators, where the two transverse modes associated with different polarizations split. The value of the damping rate depends on the chirality of the fermion, unless its energy is much larger than the chemical potentials of the system, when a unique asymptotic value is reached. We find that the two Fermi seas are stable, and that spontaneous radiation is not kinematically allowed.
It would be interesting to compute the fermion lifetime for finite values of the temperature. As for the chiral symmetric case, the Bose enhancement associated with the (15) up to order 1/E, while the dashed lines show for comparison only the leading-order results without 1/E corrections. The curves for both chiralities approach the limit γ ∼ 0.027 e 2 mD, which is denoted as a black dashed line photon propagator in the fermion self-energy yields an infrared divergence, and further resummations of Feynman diagrams would then be required. It is however important to note that in this case, and within chiral magnetohydrodynamical equations, it is possible to study the onset of a true chiral plasma instability [24, 25] , within a time scale t ∝ σ/(e 2 kµ 5 ), where σ is the electrical conductivity and k the wavelength of the gauge field mode that becomes unstable. Then, depending on the initial conditions, the chiral misbalance tends to diminish, while the magnetic helicity density defined in a closed volume, which measures the asymmetry between left and right handed polarisation components of the magnetic field, increases. It would be interesting to see how this transfer of helicity, which is governed by the integrated form of the quantum chiral anomaly equation, is effective at a microscopic level. This seems to require that a chiral fermion does not interact on equal footing with the two transverse photon polarisations states, similar to what happens in our computation.
While we have seen that already for a QED plasma the presence of a chiral imbalance induces significant new effects, it would also be interesting to explore the case of non-Abelian (QCD or electroweak) plasmas, especially for their cosmological implications. In the non-Abelian case, in order to preserve gauge invariance the resumma-tion techniques not only modify the gauge propagators but also the vertex functions whenever the external lines have soft momenta. The breaking of the P and CP symmetries suggests that the vertices would be different for the different gauge transverse polarized states, leading to different imprints of the chiral fermion imbalance.
